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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the resistance 
of an electrode from increasing with respect to a 
piezoelectric element by forming an electrode on the 
periphery of the piezoelectric element thinner than other 
parts. 

SOLUTION: In order to etch a diaphragm forming 
compliance selectively, a negative resist pattern is 
formed on a common electrode 3 not facing an ink 
chamber. More specifically, a resist pattern 102 of same 
thickness is formed in order to protect a piezoelectric 
element 4 and the common electrode 3. The surface on 
which the piezoelectric element 4 is formed is then 
etched by ion milling. A common electrode 3 in the 
peripheral region 104 of the piezoelectric element 4 
where the resist pattern 102 is not formed is etched selectively to decrease the thickness. 
Since the etching is ended while leaving the resist pattern 102 by a small thickness, the 
common electrode 3 keeps the original thickness under the piezoelectric element 4 and above 
a silicon substrate 106 thus preventing the resistance of the electrode from increasing. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezo-electric effect component using the piezo- 
electric effect which deforms by adding the electrical and electric equipment. Especially this inventions 
are the ink jet recording head which used the piezo electric crystal for the driving source of the ink 
regurgitation, and a thing about this manufacture approach further. 
[0002] 

[Description of the Prior Art] There is a piezo-electric mold ink jet type recording head which used the 
piezoelectric device from the former as an electric - machine sensing element which is the driving 
source of a liquid or the ink regurgitation. What was proposed in JP,5-28613 1,A exists as this 
conventional technique. This thing is explained with reference to (10) of drawing 2 . 
[0003] This recording head has the individual ink way (ink pressure room) 9 in the head pedestal 1, and 
it has the diaphragm 8 so that this individual ink way 9 may be covered. The common electrode (bottom 
electrode) 3 is formed in a diaphragm 8 so that covering formation may be carried out, and the PZT 
component 4 as a piezo electric crystal is arranged so that it may reach on the ink way 9 classified by 
each. 

[0004] The individual electrode (upper electrode) 5 is arranged at one side of this PZT component. In 
this recording head, the ink in an individual ink way is extruded from the nozzle which exists at the tip 
of an individual ink way by adding electric field to a PZT component and carrying out the variation rate 
of the PZT component. 
[0005] 

[Problem(s) to be Solved by the Invention] As a starting ink jet recording head, the applicant of this 
application proposed making thickness of a diaphragm-cum-the electrode BE thin in the field in which 
covering formation is not carried out but a piezo electric crystal thin film laps with a piezo electric 
crystal thin film at ink ****** IT from the field by which covering formation is carried out, as Japanese 
Patent Application No. No. 8075 [ nine to ] was shown in drawing 3 . Before, in the field by which 
covering formation is carried out at the piezo electric crystal thin film, and the field with which covering 
formation is not carried out but a piezo electric crystal thin film laps at ink ****** IT Since the 
thickness of a diaphragm was the same, if a big variation rate is not obtained but it is going to obtain the 
trouble in which the ink of a complement does not carry out the regurgitation to printing, and sufficient 
volume change of ink ****** it it is necessary to enlarge the die length of ink ****** — etc. - since 
the compliance of the diaphragm of Field Lcb became large to there having been a problem according to 
the proposal of the applicant of this application, when it was the same applied voltage, it became 
possible to sag a diaphragm more. 

[0006] However, even if it is the ink jet recording head which has the applied advantage, when a 
common electrode becomes thin, the technical problem that the resistance of a common electrode 
becomes large occurs. Then, this invention aims at preventing increase of the resistance of the electrode 
to a piezo electric crystal, maintaining a point with said conventional advantageous ink jet recording 
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head, in order to solve the starting technical problem. This invention aims at preventing the fall of the 
speed of response in the case of the ink regurgitation by preventing an electrode forming high resistance 
again. This invention aims at preventing exoergic prevention of an electrode and sag by preventing an 
electrode forming high resistance again. This invention aims at offering the piezoelectric device which 
can attain these purposes, the ink jet recording head using this piezoelectric device, and its manufacture 
approach again. 
[0007] 

[Means for Solving the Problem] In order to attain said purpose, this invention is characterized by 
forming more thinly than the thickness of parts other than this the thickness of the electrode of a piezo 
electric crystal which exists on the outskirts mostly. The 1st gestalt of this invention is alternatively 
formed on ink ******** for injecting ink from a nozzle, and this ink ******** ? and is mostly 
characterized by decreasing the thickness of the film of said piezo electric crystal which exists in said 
Mizogami only in a boundary region in an ink jet recording head equipped with the piezo electric crystal 
which pressurizes the ink of Mizouchi of a parenthesis. 

[0008] Other gestalten of this invention are characterized by forming thinly the thickness of a common 
electrode to two or more piezo electric crystals only in the boundary region of the piezo electric crystal 
concerned as compared with the other part, ink ******** for the gestalt of further others of this 
invention to inject ink from a nozzle, The piezo electric crystal which is alternatively formed on this ink 
******** and pressurizes the ink of Mizouchi of a parenthesis, It has an electrode to this piezo electric 
crystal, and is between said slots the bottom of said piezo electric crystal. All the all [ some or ] that is 
located to the perimeter of said piezo electric crystal, and faces said slot in the thickness of the 
oscillating means which tells said Mizouchi the variation rate of this piezo electric crystal are 
characterized by the thing which is formed more thinly than parts other than this field and which were 
made like. 

[0009] ink ******** for the gestalt of further others of this invention to inject ink from a nozzle, The 
piezo electric crystal which is alternatively formed on this ink******** and pressurizes the ink of 
Mizouchi of a parenthesis, The common electrode formed between this piezo electric crystal and said 
ink ******** ? and the individual electrode alternatively formed on this piezo electric crystal, All the all 
[ some or ] that is located to the perimeter of said piezo electric crystal, and faces said slot in the 
thickness of a preparation and said common electrode are characterized by making it formed more thinly 
than parts other than this field. 

[0010] The gestalt of further others of this invention is characterized by forming the field where 
thickness is made thin in extent which is almost equal to the width of face of said slot, or exceeds this 
slightly. Furthermore, it is characterized by forming this invention thinly as compared with the thickness 
of the common electrode [ in / almost / in the thickness of the common electrode of only a boundary 
region / other fields ] of said piezo electric crystal in the piezo-electric effect component equipped with 
the piezo electric crystal formed by the predetermined pattern, the common electrode to this piezo 
electric crystal, and the individual electrode to said piezo electric crystal. 

[001 1] This invention is further characterized by being the manufacture approach of of these ink jet 

recording heads and piezo-electric effect components. 

[0012] 

[Embodiment of the Invention] Next, the suitable operation gestalt of this invention is explained. 
Drawing 1 is the sectional view showing the production process of the ink jet recording head concerning 
this invention. (1) is equivalent to the phase of the beginning of this production process, and, finally an 
ink jet recording head is completed through (2)-(4). 

[0013] First, drawing 1 (1) is explained. (1) shows the condition that the piezo electric crystal 
component 100 is alternatively formed on the ink cavity 9. If (1) is explained in detail, this (1) will be 
formed of a series of processes shown in drawing 2 . 

[0014] A silicon substrate is used for the head pedestal 1 which forms ink ******, i.e., an ink pressure 
room, and (1) of drawing 2 shows that 1-micrometer silicon thermal oxidation film 2 as a diaphragm 
was formed in both sides of a pedestal. In addition, the concrete numeric values including the numeric 
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value described later given to each part material should not be interpreted restrictively. If it considers as 
a diaphragm, only the below-mentioned common electrode 3 can use a common electrode, CHITSU- 
ized silicon, a zirconium, a zirconia, etc. 

[0015] (2) Or as shown in (4), form platinum of 0.8 micrometers of thickness by the spatter as a 
common electrode (bottom electrode) 3 on the silicon thermal oxidation film 2, form the piezo electric 
crystal thin film 4 on it, and form platinum of 0. 14 micrometers of thickness for the upper electrode 5 as 
an individual electrode by the spatter on it further. The silicon thermal oxidation film 2 and the common 
electrode 3 function as a diaphragm. As an upper electrode material, in addition to this, it is easy to be 
good [ conductivity ], for example, aluminum, gold, nickel, an indium, etc. can be used. 
[0016] Formation of the piezo electric crystal thin film 4 depends on the sol gel process which can 
obtain a thin film with easy equipment. As an ink jet recording head, although a piezo-electric property 
is shown, the PZT <PZT system is most suitable from inside. The PZT system sol prepared on the 
common electrode 3 was applied on the spin coat, temporary baking was carried out at 400 degrees C, 
the amorphous porosity gel thin film was formed, spreading of a sol and 400-degree C temporary baking 
were repeated further twice, and the porosity gel thin film was formed. 

[0017] in order [ next, ] to obtain a perovskite crystal - RTA (Rapid Thermal Annealing) - using - for 
the inside of an oxygen ambient atmosphere, and 5 seconds ~ 650 degrees C - heating -- for 1 minute - 
holding - pre annealing - carrying out - class - it considered as the dense PZT thin film. This sol was 
again applied on the spin coat, the process which carries out temporary baking was repeated 3 times at 
400 degrees C, and the laminating of the amorphous porosity gel thin film was carried out. 
[001 8] next, the thing which it anneals pre and is done for question maintenance at 650 degrees C for 1' 
minute using RTA - the class of a crystalline substance - it considered as the dense thin film. 
Furthermore, it heated at 900 degrees C among the oxygen ambient atmosphere using RTA, and it held 
for 1 minute and annealed. Consequently, the piezo electric crystal thin film 4 of 1.0-micrometer 
thickness was obtained. The manufacture approach of a piezo electric crystal thin film is possible also at 
a spatter. 

[0019] Next, as shown in (5), on the upper electrode 5, the spin coat of NEGAREJISUTO 6 is carried 
out, and it is applied. It carries out exposure, development, and **-KU with a mask in the location of a 
request of NEGAREJISUTO 6 of a piezo electric crystal thin film, and NEGAREJISUTO 7 hardened as 
shown in (6) is formed. It can replace with NEGAREJISUTO and POJIREJISUTO can also be used. 
[0020] Patterning is carried out to the configuration of the request which etched the upper electrode 5 
and the piezo electric crystal thin film 4 into coincidence by the package until the common electrode 3 
was exposed, as it was shown in a dry etching system in this condition and an ion milling system 
showed to (7), and was formed by NEGAREJISUTO 6. 

[0021] Finally NEGAREJISUTO 7 hardened with the ashing device is removed, and patterning is 
completed as shown in (8). In addition, in an ion milling system, since NEGAREJISUTO is also etched 
with the etched upper electrode and the etched piezo electric crystal thin film, to adjust the thickness of 
NEGAREJISUTO in view of each etching rate with the etching depth is desired, here - each etching 
rate - **** - since it was comparable, the thickness of NEGAREJISUTO was adjusted to 2.0 
micrometers and performed. 

[0022] When carrying out package etching of an upper electrode and the piezo electric crystal thin film, 
the thinner one of the thickness of a piezo electric crystal thin film is desirable, and it is desirable 
especially that it is the range which is 0.3-5 micrometers. If thickness becomes thick, a resist must be 
thickened corresponding to it. Consequently, when a piezo electric crystal thin film exceeds 5 
micrometers, it is problems, like the pattern configuration of a resist becomes unstable, and micro 
processing becomes difficult and the head of high density is no longer obtained. Moreover, in the case 
where thickness is smaller than 0.3 micrometers, there is fear which is not enough. Reactive ion etching 
may be used as the dry etching approach in addition to the ion milling method. 
[0023] Otherwise the etching approach is wet and can be performed. For example, acids, such as a 
hydrochloric acid, a nitric acid, a sulfuric acid, and fluoric acid, can be heated, and it can use as etchant. 
However, the electrode quality of the material of an upper electrode is made into what is etched by 
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etchant in this case. Since patterning precision is somewhat inferior in wet processing as compared with 
dry etching and an electrode material also has a limit, its dry etching is more desirable. 
[0024] In addition, in order to complete an ink jet record head, the nozzle plate 10 which formed the ink 
reservoir which is open for free passage on the ink supply way which supplies the ink pressure room 9 
with a width of face of 0. 1mm and ink pressure room HEINKU by anisotropic etching from head 
pedestal 1 inferior surface of tongue (opposite side in which the piezo electric crystal thin film was 
formed), and an ink supply way as shown in (9), and formed in the location corresponding to the ink ** 
mosquito room 9 the nozzle which carries out the regurgitation of the ink was joined. In addition, the 
common electrode 3 attains to two or more piezo electric crystal thin film patterns 4, and is formed on 
said oxide film 2. As a result of these processes, as shown in (10), an ink jet recording head is obtained. 
[0025] (1) of drawing 1 is equivalent to the condition that the nozzle plate of drawing 2 (9) is not 
formed. At the process of (2) of drawing 1 , in order to etch alternatively the diaphragm which forms 
compliance, the pattern 102 of NEGAREJISUTO is formed on the common electrode which does not 
face an ink room. A paraphrase forms the resist pattern 102 of the same thickness which protects the 
piezo electric crystal component 4 and the common electrode 3. 

[0026] A piezo electric crystal component has width of face slightly smaller than the width of face of an 
ink cavity, and is formed on the diaphragm 2 facing the ink cavity 9, and the common electrode 3 so that 
clearly from drawing 2 (2). Furthermore, on the silicon substrate in which the ink cavity is not formed, it 
separates slightly from the boundary of the ink cavity 9, and the resist pattern 102 is formed. 
[0027] Subsequently, the process of (3) etches the field in which the piezo electric crystal component 4 
is formed by the ion milling method. At this time, the common electrode 3 of the boundary region 104 
of a piezoelectric device 4 in which the resist pattern 102 is not formed is etched alternatively, reduces 
that thickness and goes. On the other hand, since the resist pattern has ended this etching with extent 
which leaves slight thickness, the common electrode under the piezo electric crystal component 4 and 
the common electrode on a silicon substrate 106 are maintaining thickness from the first. 
[0028] Subsequently, oxygen ashing removes a resist mask at the process of (4). The field (this may be 
hereafter called for convenience the "arm" to a piezo electric crystal component) 104 in a piezo electric 
crystal boundary region where thickness was reduced is formed a little across the boundary of an ink 
cavity from the field facing an ink cavity. 

[0029] When the thickness of an oscillating means, i.e., a common electrode, to exist in an arm 104, and 
the thickness of common electrodes other than an arm are energized for a piezo electric crystal 
component, they are suitably determined that it will fit in the range in which it is under a piezo electric 
crystal component, and the diaphragm 2 which has attended the ink room bent with the variation rate 
enough, and the increment in the resistance of a common electrode was restricted by this contractor. 
When this invention person inquires, it is suitable for the value that it is less than 100 ohms. 
[0030] Drawing 4 is drawing in which other operation gestalten are shown about the process in which 
the ink jet recording head concerning this invention is formed. In (1), the common electrode layer 3, the 
piezo electric crystal film 4, and the individual electrode layer 5 are formed in order on a silicon 
substrate, and the ink room 9 is alternatively formed in the opposite side with a piezo electric crystal 
component. In (2), the laminating of the resist mask 108 to carry out patterning of the piezo electric 
crystal component 4 on the individual electrode 5 according to said ink room 9 is carried out. 
Furthermore, the laminating of another resist pattern 1 10 which carries out the mask of this part being 
etched into the part except being equivalent to said arm 104 is carried out. The thickness of this resist 
mask 1 10 is adjusted according to the design value over the depth into which the common electrode 3 in 
an arm is etched. 

[0031] Subsequently, in the process of (3), etching by ion milling is performed, the common electrode 
layer 3, the piezo electric crystal film 4, and the individual electrode layer 5 are etched according to the 
pattern of resists 108 and 110, and a piezo electric crystal component is formed by the pattern aligned 
with the ink room 9, and etching is ended on the front face of a common electrode except an arm. At this 
time, by the arm 104, the common electrode 3 is etched and that thickness is reduced. Furthermore, at 
the process of (4), in order to remove the resist which remained, oxygen ashing is applied. 
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[0032] Since the thickness of an arm is freely controllable, the amount of displacement can be raised 
sharply and the speed of response for the ink regurgitation can be made to increase according to the ink 
jet recording head chosen by the process of drawing 1 and drawing 4 , as explained above. Furthermore, 
since only the arm of a piezo electric crystal component is made thin, without making the whole 
common electrode thin, the resistance of a common electrode becomes large, exoergic prevention of an 
electrode and sag can be prevented, and there can be little etching ** of a lower electrode, and can end, 
the count of a maintenance of an etching system can become fewer, and a throughput can be improved. 
[0033] 

[Effect of the Invention] According to this invention, it becomes possible to prevent increase of the 
resistance of the electrode to a piezo electric crystal, with a point with the conventional advantageous 
ink jet recording head maintained. By preventing an electrode forming high resistance, this invention 
can prevent exoergic prevention of an electrode and sag, and there are few amounts of etching of a lower 
electrode, it ends, its count of a maintenance of an etching system decreases, and its throughput 
improves. 
[0034] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ink jet recording head which decreased mostly the thickness of the film of said piezo 
electric crystal which exists in said Mizogami only in a boundary region in the ink jet recording head 
equipped with ink ******** for injecting ink from a nozzle, and the piezo electric crystal which is 
alternatively formed on this ink ******** anc i pressurizes the ink of Mizouchi of a parenthesis. 
[Claim 2] The ink jet recording head according to claim 1 in which the thickness of a common electrode 
to two or more piezo electric crystals is thinly formed only in the boundary region of the piezo electric 
crystal concerned as compared with the other part. 

[Claim 3] The ink jet recording head in which it is alternatively formed on ink ******** for injecting 
ink from a nozzle, and this ink ******* * 3 and all the all [ some or ] that is equipped with the piezo 
electric crystal which pressurizes the ink of Mizouchi of a parenthesis, and the electrode to this piezo 
electric crystal, is located to the perimeter of said piezo electric crystal, and faces said slot are formed 
more thinly than parts other than this field and which was made like. 

[Claim 4] Ink ******** for injecting ink from a nozzle, and the piezo electric crystal which is 
alternatively formed on this ink ******** and pressurizes the ink of Mizouchi of a parenthesis, The 
common electrode formed between this piezo electric crystal and said ink ******** ? and the individual 
electrode alternatively formed on this piezo electric crystal, The ink jet recording head in which the field 
part or all that is in the perimeter of a preparation and said piezo electric crystal, and faces said slot is 
formed more thinly than parts other than this field and which was made like. 

[Claim 5] The ink jet recording head according to claim 3 or 4 currently formed in extent to which the 
field where thickness is made thin is almost equal to the width of face of said slot, or exceeds this 
slightly. 

[Claim 6] The piezo-electric effect component thinly formed as compared with the thickness of a 
common electrode [ in / almost / in the thickness of the common electrode of only a boundary region / 
other fields ] of said piezo electric crystal in the piezo-electric effect component equipped with the piezo 
electric crystal formed by the predetermined pattern, the common electrode to this piezo electric crystal, 
and the individual electrode to said piezo electric crystal. 

[Claim 7] The manufacture approach of the ink jet recording head equipped with the process which 
forms ink ******** for injecting ink from a nozzle in the approach of forming an ink jet recording head 
in a substrate, the process which forms alternatively the piezo electric crystal which pressurizes this 
Mizouchi's ink on this ink ******** ? a nd the process which carries out patterning so that the thickness 
of the film of said piezo electric crystal which exists in said Mizogami mostly only in a boundary region 
may decrease. 

[Claim 8] The manufacture approach of the ink jet recording head according to claim 7 accomplished so 
that said patterning may be thinly formed only in the boundary region of the piezo electric crystal 
concerned as compared with the other part in the thickness of a common electrode to two or more piezo 
electric crystals. 

[Claim 9] The manufacture approach of the ink jet recording head characterized by providing the 
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following The process which forms ink ******** f or injecting ink from a nozzle to a substrate The 
process which forms alternatively the piezo electric crystal which pressurizes this Mizouchi's ink on this 
ink ******** p rocess which forms the electrode to this piezo electric crystal The process in which 
all the all [ some or ] that is between said slots the bottom of said piezo electric crystal, is located to the 
perimeter of said piezo electric crystal in the thickness of the oscillating means which tells said 
Mizouchi the variation rate of this piezo electric crystal, and faces said slot are formed more thinly than 
parts other than this field 

[Claim 10] The manufacture approach of the ink jet recording head characterized by providing the 
following The process which forms ink ******** for injecting ink from a nozzle to a substrate The 
process in which all the all [ some or ] that is equipped with the process which forms alternatively the 
piezo electric crystal which pressurizes this Mizouchi's ink on this ink ******** ? the process which 
forms a common electrode between this piezo electric crystal and said ink ******** ? and the process 
which forms an individual electrode alternatively on this piezo electric crystal, is located to the 
perimeter of said piezo electric crystal in the thickness of said common electrode, and faces said slot are 
formed more thinly than parts other than this field 

[Claim 1 1] The manufacture approach of the piezo-electric effect component equipped with the process 
thinly formed as compared with the thickness of a common electrode [ in / almost / for the thickness of 
the common electrode of only a boundary region / other fields ] of said piezo electric crystal in the 
manufacture approach of the piezo-electric effect component equipped with the process which forms a 
piezo electric crystal by the predetermined pattern, the process which forms the common electrode to 
this piezo electric crystal, and the process which forms the individual electrode to said piezo electric 
crystal. 

[Claim 12] The ink jet type recording device equipped with the ink jet recording head indicated by claim 
1 thru/or any 1 term of 5. 



[Translation done.] 



http : //www4 . ipdl j po . go j p/cgi -bin/tran_web_cgi_ej j e 



8/17/04 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

Prawing 1] It is process drawing showing the operation gestalt of the approach of obtaining the ink jet 
recording head concerning this invention. 

Prawing 2] It is process drawing showing the concept of the approach of manufacturing an ink jet 
record head. 

Prawing 3] The configuration of the conventional ink jet recording head is shown. 

Prawing 4] It is process drawing showing other operation gestalten which obtain the ink jet recording 

head concerning this invention. 

Pescription of Notations] 

1 Silicon Substrate 

2 Silicon Oxide 

3 Common Electrode 

4 PZT Film 

5 Individual Electrode 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/17/04 



